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a t  sylchrmotls orbi t  of energetic 

electrons det  on s F t r m b r  a t  energies 

bebeen 40 keV and 1 m V  for the e of i n v e s t i g a h g  the origin of 

these energetic electrons in the tr r d a t i o n .  The repr t  includes 

a brief introduction cavering the ATS-1 mission, the data tapes recei.crd 

and saw pertinent facts about the operation. A brief discussion of the 

trap@ radiation is given and the specific &jeceves of the experiment 

namely, t o  investigate the a m l e r a t i o n  aim during t ic s toms 

and to pxform q l o r a t o r y  masusenrpfpts in the outer zone, axe cnitlined. 

The advantages of the cgeosta~snary orb i t  for *ese ses are described. 

A rather detailed description of the ation of the 

~xqw.rinU,fpts follows, i n c l d w  the roc9uetion of data and the determination 

of electron fluxes i n  space. Diffment tws of data plots and outputs 

and the prohlan of noise f i l t x z h q  are deser . A list of t i t l e s  and 

abstracts of key published p p r s  is given, f e l l a d  by a detailed sumnary 

of the  principal results, their  maning, and thmre t ica l  interpretation. 

This l a t t e r  section includes isms w i t h  the Oe0 eleetsrm 

which permits sjsnultan ts a t  s ewra l  places i n  the magnetosphere. 

Tfie magnetospheric subs is i d a t i f i d  as a pr  mode of injection of 

electrons into the outer radiation klb. 
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In - on 

A br ief  s , f P m  

aPld analyzed in o r b i t  s a e l l i *  A E - I  

and the  qavi.ty qadimt  &st sab l l i $e ,  m-11. The School of Physics, 

University of Efimesota, designed an eleetrm spec tex fox tile 

of electsons r d i a t i o n  regions 

between energies of 50 keV and 1 EV. atese i n s  ts ut i l ized 

magnetic deflectian coupled with s c i n t i l l a t i m  de s for the 

electrons. Details of the t i n  t ion  tc those included 

herein, are contained i n  our l y  p r v w s  repL% and i n  published 

papers referenced herein and l i s t ed  in the Bfilisgraphy. The necessary 

thermal cal and proto d e l s  rme d e l i  as w e l l  a s  a f i na l  

f l i gh t  model of the r h n t  which was p 7,  1966. 

b n t  csontinusCa to f m c t i w  u n t i l  J 1968, when the  hiqhest 

. I n  June of 1968, the other two channels 

. 'J%us, approximately 

one year (mmt ing  s a  data gaps) of d e n t  Ml-tk data was obtained 

with very high time resolution and a l so  with g d  directional  and energy 

discrimination fo r  the  1 energies. This t h  c e s  favorably w i t h  

the one year es l i f e  based m a pr& 50% fa i lu re  probability. 

Failure analysis has not d e  the fa i lu re  ~ f f i d t y  clear. The failure 

rrode can in  ce respscts be d u p l i a w  in the ratary by changinq 

the r supply vol-e levels so  that this q ,which lies outside 

of the  University of sota p ~ c h g e  ,r a p s i b i l i w .  W i n g  

mmmcdm ard test of the ~ t ,  scrne d i f f i c u l e e s  c\=e amuaptered w i t h  

f i eM ef fec t  emsis4rors. a"ns f d l m  -wed by these f ie=  effecrts, 

in me exact d i f f i a l t y ,  

~ w ,  ~ C E S  & S m  ~S tb i-s !IX a ~ ~ a t ,  



mroximnately 600 da t a  

o f f i c e  mvering the p r i d e  Data r d u c t i o n  has been. l&rrbous; f o r  

m a n y  reasons - ~ ; n . ~ s e  of the high density packed tape f t: the necessi ty 

t o  change a t  fimesota f r m  the CDe 3600 u t e r  t o  the University of 

Minnesota 6600 uter,  and the n s e s s i w  of elaborate f i l t e r i n g  routines 

fo r  r a v i n g  s p i o u s  coun- injected by tel trqr noise or iginat ing i n  

the ATS I3T.E telemetry circuit. 

The geos ta t io  o r b i t  is exceptional f o r  its posi t ion in the outer  

Van Allen radia t ion belt and because of t he  geostat ionary nature  of the 

satellite i n  the g etic f i e ld .  Thus, a l e t e l y  new vimr of the 

p a r t i c l e  var ia t ions  and tant clues t o  t h e  o r ig in  of the trapped 

radia t ion have been obtained. Extensive use has marle of the vector 

maqnetic f i e l d  a l s o  m e a s u r e d  on board the ATS-I mission. After December, 

1967, the da t a  analysis  was supported under g ran t  -24-005-008 farm 

IIeadquarters and cmrk is continuing, ed by that source. 

i den t i ca l  copy of the e x ? > e r h n t  was l aunchd  on the A E - I 1  mission 

i n  April ,  1967. Unfo&unately, the satellite f a i l ed  t o  i n j e c t  i n t o  the 

desired o r b i t  and w a s  no t  s w i l i z e d  although saw da ta  w a s  ob tdned  fsm 

April  1967 Wwh October 1967, Thr! lack of a s p t  i n f o m t i m  made t h e  

analysis  s o  d i f f i c u l t  t h a t  no e f f o r t  has d e d  in this d i rec t ion ,  

ned, however, that the h n t  was o p r a t h g  s a t i s f a c ~ r i l y  

during the above period. Btra tapes frcm the Am-11 mission are on hand 

hu t  c q u t c r  progmrm fore maeking the p k d  d i g i ~ l  f o  axe available 

only f o r t h e  3x2 3600 c q u e r ,  For ee~sllirt s e p t i s n a l  p i d s  it m y  be 

possible t o  m e  use of the A S - P I  shul%fanmw$.y w i t h  W E - I  i n  a er 

srhKciPa t o  the ison of AS-S: with the 

we have mt m y  su& e f f o ~ ,  



%fosl-e one: cm w i n  to nndcxstand the 

on A%=-% and II, he must ke a little fdliar with the c h r a c t e r i s ~ c s  of 

the eravimmnt In which t h e  rncxqwr 

In addition to q a v i ~ t . i m a 3 .  f ie ld ,  t h ~  e~rth possesses a maqnetic field.  

The axis  of ' th is f ie ld  is disp3.acd wry slicjht?y frm +;he geographic: center 

of the e and is h c l h a d  Lo the earth's polar axis a t  an angle of 

.:;~~~oxirnately 1l0. The ovc3ral1 s h a p  of the mqnetic field is that  of a 

distorted dipole. Within the e 's saqnetAc f ie ld  exis t  the Van Allen 

irdiation belts .  These belts mncjist of pmtons and electrons which are 

' 'l;tapHU d.thin the f ie ld ,  'me e ent was s t d i e d  on ATS. 

These trap@ elmssons exhibit h te%st ing  types of mt ion  within the 

trapping regions. The el s sp i ra l  along n f ie ld  l ine  in a northerly 

o r  smthesly dkect ion,  md, as they get cl.oser closer to t h e  earth, 

the magnetic f ie ld  hc! s stronqc:: a xF ~trongex. VXen the f ie ld  kccincs 

strong enough, the e!ectrcns stw their fom~&sd mtim ( p i n t  F,!. F i q ~ r e  1.) 

and reverse their dir on of travel,  33-1 thf s way an electron "Ixxmces , " 

and subscqumtly rebounds in  the ~ ~ y s i t c  c~i:-ccticn. Th-ig ~hcnrnc?~m is 

e:2--ihttE\cl in h t h  hemispheres as the prticles appoach Ule surface of the 

, and hmce %hey are "tr ," conthti lXy bomcing on a magnetic 

the n o w e m  and sauthern hdwheres. 

In e i q  mion, it should mentioned 

thak they slawly drgift i n  an sas$erly d i  on. (The 

" s ~ B w ~ ~ T "  r e f a s  tO a e t h  of the el n: the 

time 

the s m ~ m  k r & q k e ,  CC, & re ing p o h C  is of the 

o of a 8-rag9; wi t l a  a wid on 
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The principal sc ien t i f  ie p 

the origin of Lhe eslerqetic electrons trapped i n  the m~e"cnsphe~-ee It 1s 

well known t h a t  electrons of 40 keV energy and highei are not present i n  

rs o r  a t  the ricj-ht time i n  the  iPl"crp1anetax-y space t o  

account f o r  the high in tens i ty  of these e lectrons i n  the trapped regicns, thus 

one must look fo r  the acceleration mechanism i n  the magnetosphere i t s e l f .  

The problem may be posed in a number of questions t o  vrhicl~ these experiments 

may contribute answers. 

1. Since these e lectrons appear in conjunction with magnetic s tem, 

what are the imlar magnetic s t o m  hanisms which can ke associateci 

c~i tkh  the electron acceleration? 

2. What is the  a s smia t ion  between e f f ec t s  seen a t  large distances 

from the earth i n  the equatorial  plane on the trap@ electrons and the 

precipi ta t ion of these electrons i n t o  the a h s p h e r e  i n  a s smia t ion  w i t h  

the aurora? 
> 

3. What is the c l e t a i l d  t i m e  struGture of the v x i a t i o n s  seen a t  

s:mchronous o r b i t  dam t o  several  Hz and are these associated with the 

pulsations found i n  magnetic pulsations, aurora and x-ray masurevents a t  

c7round level? 

Information on the t r a m  electrons during mpetic storms has h e n  

nvailzhle fram many s a t e l l i t e  missions. (See fo r  exmple, H e s s ,  1968). 

These obsenrations, i n  most cases,  give h f o m t i o n  about the presence of 

trapped p;irticles w i t h  no de f in i t e  indication a s  t o  the  mechanisms of 

acceleration o r  inject ion i n t o  the radiat ion be l t s .  It is the purpose of 

the present t o  make a s i q i f i c a n t  s t ep  i n  this direct ion f3y 

proviclinc~ m s - ~ e r s  t o  the q e s t i o n s ,  ( ~ e s t i o n s  &vI&1;ch be f o n r l a t c d  

i n  advance) and a t  the s m  the, be e ~ L s s r i q  a rams and hterestiriq r e i o n  

of the m ~ e m s p h e r e  m d  t o  discover new and rauaknm relations between the 

nresence of trapped pa r t i c l e s  and sther vmiatrions o b s e ~ ~ ,  
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rardcles in r~enmal h , u u r e  alom a fieU Ihe ,  the ~ w r % n t  w i l l  bc? 

t o  t b  q~ariatigns (as sd. to spatial variations) ir? 

lal-,:?n of the 1, ?s ,  since the sa t e l l i t e  also rotates 

w i t h  and stays on t21c s m  f ie ld  l ine  (a,d hen= stays w i t h  the sdme 

particles on tha t  f ie ld  l ine  and can ne how Uleir characteristics 

charge w i t h  th)  . (Other rtan-eoseti sa t e l l i t e s  move through 

the maqnetic f ie ld  as time passes, and the chanqes i n  W a r n  particle 

distr ibutions they witness ca~-.-ct hc sa+ki t(: Lr? definitely a tiw variation 

-r a spa t ia l  var iaeon,  but only a b a t i m  of both; hence one can't 

real ly  tell whether the changes he has measured are due to mtim of the 

s a t e l l i t e  im a different p i n t  w i t h  r e ~ - t :  to the icles originally 

rlecxr it, or kcauqe the lasL. ;rastww'~cn+ r a ~ e  %tr a different ti I. than 

glke pr -* 1 

(2) The second desirable feature is t h s t  i1~hi3e the sa t e l l i t e  is in  

orbi t ,  balloons and rockets may be LauncIld a t  the mint where the f j-eld 

l ine,  tha t  the sa-l l i te is on, i n  (point X, Figure 1). 

Since the s m  elecizrons stay cm the sme field l ine  (recall t h i s  is an 

apprmimatim) mas ts PMde by the ha1J .m can be correlated w i t h  

long plerids of tinre, When the 

n$s de s m  of the electrons on the f ie ld  l ine  str iking 

, the sa-lli* can tell s h l t  l y  what is happenin9 

and w x h a p  M i c a t e  why s m  are changing 

~ e i r  ~ p r ~ p  wj,b being lsst in Ule a e. 



The University of  mes so^ eflxeona ~ e m t e ' r s  on 

and ATS-PI s;ltellites are m g n e ~ c  def lect ion cha%rg&- 

analyzers. They are s m i ~ e v e  only "cs electrons (md ==we %he3 specL;ral 

d i s t r ibu t ion  s w i M n  We rmges,  50-150 keV, 150-500 keV, 

and 500-1000 keV, 

The basic mts of Lbe s m & e s r  are i l lmLra t ed  i n  Figure 2. 

A pa r t i c l e  rollhator is attzhec9 t o  the enwanee of the  e l e c w m g n e t  and 

allms i n t o  the magnet only those p t i c l e s  whose velocity veers lie 

direct ional ly  within a "'cone" of about '7' h a l f - q l e .  (The actual  cross 

sect ion of the enwanse apIrtu+e is a e. ) The p m i c l e s  passing 

through the c o l l h t o r  ing then mter the magnetic f i e l d  region, anc9 

their t ra j - tor ies  are &t amording to Wleir v e l m i t i e s ,  a;heir c k g e -  

t s ra t io s ,  arad the seeng"clh of the m c p e ~ c  f i e ld ,  The only (m- 

zero) macpetic f i e l d s  g e n w a t d  be&- the p l e  faces are such that  only 

electrons i n  the W e e  previously m r r t i o n d  en r q e s  can pssess 

straight-19ne tp-ajectories f~cxm the =it r q i o n  of the  m a y e t i c  f i e l d  

(Point C) tmard the p l a s t i c  s c h ~ l l a t o r  ( P o h t  D) , The magnet p l e  

face has an overall wedge--shap use fiis m1a shape gemrates  

maqnetic f r i n g i y  f i e l d s  which produc4e bm -~ ica ; l  and horizontal 

focusing, and also the m l z  choice of mgle  k m e e n  the 'prwo s ides  of 

the  wedge ("r41e s ides  Issat& at Pohts  B d C) a%lkms icles in the  

wings of a w u e u l a s -  merw r a e  to s e i k e  the s c i a s t i l l a ~ r  a s  well a s  

those in the wlaatm of the m q  r age ,  rq&less o f  frm w h t  d i rmtion 

in the enemt  mne of a q h e s  tihey 

on the 060 1 

iP178 Cf33 114: sate%li&s by the m i v e r s i q  of  Mimsoa, The A S  s ~ w m e t e r s ,  



however, =e wllep, r e less p m ,  and a d n e  a %a range of 

e l eceon  mergies.  The s ~ e w t a s  are discussed by M e ,  P f i t z e r ,  

and Winckle~ { S q ' e , ,  1966) , 

The magnetic f i e l d  is ~ i d i a l l y  step@ Wough four different  

f i e ld  values, r ning a t  each level fo r  forw miLPiseconds, and 

ccmpleting one cycle of a l l  four va lms w i t h i n  160 m_ilEisecsnds. (The 

f i e l d  strengths attained. are approximakly 0 gauss, 460 gauss, 900 gauss, 

and 1720 gauss.) The zero field. magnet s'cep i s  included so that  during 

t h a t  time we may de ne a background correction fo r  the data. 

The detector consists of an P9El02 p las t i c  sc in t i l l a to r ,  a lead. glass 

l igh t  pipe, and a @otanult ipl iw tube ( ex XPlll.0) . The plas t ic  

s c i n t i l l a t o r  and the lead g h s s  l igh t  pipe are enclosed i n  a tumqsten 

shield. Shielding is "cahed. in a l l  d i r e t i o m  w i t h  respect t o  the 

s c i n t i l l a t o r  such t h a t  there is a kl m u n t  of shielding sf 10  @an 2 

fo r  v i r tua l ly  a l l  s b a i g h t  l ine  paths frcm khe s c i n ~ l l a ~ r  tm the outside 

t package. The most t sowce of bckqound counts 

ter is the b r m s e a h l w g  x-aray photom gmwated when the 

a 

Van  Allen b e l t  e l e t r o n s  s b i k e  the surfaaes of the spacecraft and its 

iment packages. For this reason, the s h i e l ~ n g  used is  a l l  high-Z 

m t e r i a l  ( t v s L e n  and lead) wcch has relat ively layge absoqkion 

coefficients f o r  "chese backgsound photons, Also fo r  this r e m n  the 

s c i n ~ l l a ~ n g  -rial &osen w a s  p las t ic ,  m102, as o p s d  Xgher-Z 

material (such as ssdim--iodide) a c k  is m e  e f f i c i m t  for d e t e e h q  x-ray 

photom. The sMeldincj s e h m  for the E spW*&rs a p m s  to be 

&-ate, for on A S - 1 1  the h c k ~ o a  mmtlmg rate in the low mmw 

rmqe is r s e l y  mre *an 5% of the t o e l  m1aP:irng rate, and i n  the fiddle 

The h & q r s W  mn-ibution to the t o ~ l  cowt rats is 

@ornet& agrwages have emor less e an L % ,  

and for  the lm (sn$ ~ d d l e  r q e s  it is t-ically b u t  8,3%, 



W E 1  s m f a m s  s f  .kkae ~ b ~ l 1 a b r  C a e p t  *e one a t  the i n t a f a s  of the 

1 e d  glass  & p%asec z i n ~ l l a t o r )  M w i ~  a v q  f;SPlin reflec~ve- 

y e  AT ~ r b - z ~ m  w i l d r n  to t"ae s e L ~ ~ l % a t i j r  far the els%;rars 

p r o p r l y  bent by the mmet is prwided a t  p i n t  D i n  Figure 1, A section 

of l ight-tight r d L  wlar f i h  is placed sver $Inis sMace of the 

s c i n e l l a b r  (&s h m e  the Light-tigkhess sf tlae d e k t o s  systean. 

The pulses generated by the pho&anuLeplier are fed i n t o  mt is i n  

essence a Ulr e l  pulse height analyzer, each c 1 calibrated to 

accept pulses p r d u c d  IJy el  ns in only me of the Wee m e w  ranges 

ion&. mckgr lated when the mapet is i n  

the zero gaws s tep  FEE?' iite spacseraft ac 

The n of pulses generated i n  each of .clhe W e e  en r m g w  is stored 

i n  each of We e s ~ a l e r  c i r d w  as d i g i l a l  

scalers  each have a apc i t y  of 21° ) Every 160 m i l l i  

a l a t d  i n  each of the th-ree rn-41' rmges fo r  a period of 40 millis 

and. telerneterd tm a 

t e l m M e d  me 

The da.t;za s(.urrplbg s c M u l e  is 

of tkbe s a ~ l l i t e ,  (Plewe refer  t o  P i w e  3 , )  

At sane xbi.tsary t = O ,  b th  -the and the mgmet b i n  

a cycle. The t  

period of 40 ~ l l i s s o n d s ,  mm W s  wid, mun- are 

shred i n  e i ~ m  the  a p p r q r i a t e  $ ss%ler ekcuit or  s p m r a f t  

b a e k g m d  of ~e mcynet qele  we m e  

cmidai*,  

kt$ f5.11 t = O  the m q e t  is in the zero ga-ws step, d $-he pdse height 

ma lyaw  is set to allw amts  i n  the 150-586 keV rmge h.$S the 

a ~ r q r i a w  b c k q  et step is d a o M  W8 since 



I 150-500 keV (c1matd as 

k - 1 .  At t i r e  t=4O ~%Es=o&B ruagnet c a ~ w ~ t  L~crases and the 

eeic field is r,Qin& at 460 gaws, and dmirng the next 40 

"& srrrreswMing to enqies 50-L50 keV are stortd 

in the sm%er &.emit for aa.21. e3LaerTj e"hme$ (c%moW as c h m e 1  alpha). 

This; et step is d e n o w  as step alpha for &vios  rezsons. 

At t=88 dllisesmnds the mpetic fieM increases to 900 gauss, (and 

ing to a a g i e s  of 150-500 keV 

pzticles are stord in the sm%er cir&t for this e n w w  c h m e L  (dmotd 

et step is dmotd as step beta, 

Finally att=l20 &%%isso&%, the m p e ~ c  field increases to 1720 

gauss, m d  all pulses comewn&w to eleceons sf energy 500-1008 keV 

are stsrd in the mid sea%= cirmit for - th is &rd maw s r ~ e  (denseed 

frm t==16(P to t.260 ~ l % i s e c r ~ n d s ,  hckgro- data is n m  eollwtd for 

Also, frm t=320 to +360 &%Lisecsds, backqound data is 

e s X L s M  for & m e 1  alpha (at the st* of the third m q e t  qcle) .   his 

d a e  g a ~ e r i q  qe%e is then 

of data g a ~ s i n g  f r a  "he time ;%..a i s  them the fsllmirng: 

~ O t ~ , B t ~ r ~ ~ r ~ ~ B ~ ~ r ~ t a , B t ~ , ~ ~ B r ~ , B r ~ r *  * * 

where the sys- &*%Is in each stat.e for 40 ~llisemsads, 

Thus, data is gak&md in each af k ? e  tke m e w  ht-al.1~ for 40 

data is e l e t e r d  back to the ~ a c k m  s e ~ o n  in such a 

(Note: A c (Ism 



be issrad to  the 

cgaws, and in *is w e  b&(yr8& data czm be g a ~ ( ? r &  for 40 ~l%isecob?ds 

r of comb in zach scales; eireuit,  however, 

is mnverted by the t frm digi ta l  t o  malsg info 

subsequent t e  

B. Calibration of the -- 
a. Magnet -rent ilrrd mge Stking  

The pr choice of 'rhe m p e ~ e  fields to be us& was made in  the 

foll&ng' er, W ca%ibraM s o l i d  s e t e  de*c%or sys- waas placd  in  the 

ne the 

and d n  m e ~ c ~ i e s  of the p&icles leaving me et as a 

Mct ion  s f  De m p e t  t. (A s W m e m 9 0  s o w e  placed in the 

ing slit w s  us& as a sow= sf eletuclrss r the thr- energy 

ranges.) The t n t  was &jwt& mtiL the range of ensgies 

a l l  by the m m e t  m s  that whi& w e  wish& to st&y (i,'e,, 50-150, 

150--500, &/or 500-1000 kev), d P-Snis ms f ie  at valw chosen for 

a t  p"eic;.ula mqet s-p, (me pie face m s  desi~gnd such sat the 

The e l x e o ~ e  dges of & thr 1 pulse height ;malyzer =re 

se t  in the folEwiw d g e  of the 50-150 keV w M w  wtas 

akdjmtcxrl d ran t i% &e t b  mise W s  1 edge mass to 
a ~ r e i h l e ,  The d g e  s f  chis w i & m  and the 1 a g e  of 

the fiddle (150-500 keV) drdm set amra~&$gP using L%e mnvwsion 

57 e&e&ons of Co (me s e t ~ q  of tithese 

s h e  the ressluUon of We cJ.eWL.ar in the lud 
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selector of 

i--hc enerqiess obsrmd,]  The 500 ax1 lOOQ keTV d t~es  \Ere set wisllq the conversion 

sample nm93xr p r s d u d  by 

electrons being n~asmer3, 

W i n g  the spcecraft ~emd1-va.mm test a few mn* prior to Lamch, a 

special s~on"ci1si'~~30 source was pPac& at the memee aperture of the r i m a t ,  

This source m s  pLacm1 flush w i t h  the outenwst coll r aping; the active 

area of the sa~rce was lasrryer "rlrm t h i s  opning cxld indeed filled the entire 

field of  view, 31e mreraqc counts psr s w % e  in each of the three energy 

intc~vzds was *a 

a vacum ekm*r at the Universi-tqP sf I."fi1%aescre mer a small cone in the fonqard 

that. -khe s o w e  was isotropic over 

a m E l  cone i n  the fort~wclt d i r e t i a n ,  the mne of e n ~ m t  diretions allowed 

source, its spivalent  s b m ~ j ~  as an isowqic ~ & & r  in "she fo 

2 is knmm, j (E) elecaons/m -see-s~r-keV (here E dmotes an 

%e fuaaetisn j (E) is 491% dveragd with r e s p t  "to 131am~~ E over the ranges 

50-158 keV, 150-5063 keV, arad 560-16400 keV to &t&n the avwage differential 

sf the mwr~ in each sf the three s p e a w k r  enww r q e s ,  denoted 

as 



Since the average eotuats/sqle i n  each sf the We c s ~ n e r e ~ y  ipltemals is 

i m l z  s o w e  (daote ~a N ( a ) ,  N ( B ) ,  N(y) then the 

the M s my L>e de d for 

Thus Ki may be de ned for each 1, and used as a constant t o  

cornpute fzhe first--order spec n m s s a r y  to  p r d w e  a cer ta in  set of 

(obs ) count raes .  (To order spec 

it is necessaub-y t o  iterate the u-tion takiw i n t o  a6x=omt the 

values of the a n s t a n t s  5 have d e t  for 

the ATS-I1 s aneter and are listed below (5 has the follcnving 

Thus a a u n t  rab of LOO cow?ts/smple in 1 alpha would mly the 

4 2 
flux prducing  a s  csmt rate is a p p r o x k ~ l y  4-50 x I0  elecWons/cm -sec 

-st=-keV in the range 50-150 keV. 

All esota 

t a r a t h e  dam 15 

each of the We sp&mter 

& which was M a  at t h s  &a s 



a C K  (Control  Data 

. * was infom%ic>i~ ~crtabrilng to t1.e quak i ty  of the data m a l y z d ,  (Such itms 

CIS pereern"%~cl J,d ta ea1l.x3 :ntecrili a pacer tc  ~d.dcd date ~ ~ 1 c o t m t e r d ~  number of 

p i n t s  s to form r&e a 1 r e ~ ~ g c 2 s  ba~~k"j-co~u~d rates w r o r  i n  corrected 

ra tes  and h c k q u d  ra tes ,  t ature of the e ~ r ~ t ,  etc ,  were all 

e q u t d  and a u l a t d  to irdicate Cne c y i a l i * ~ ~  and sicynificance of a 

prtimlw L S - ~ r a u ~  average of tihe tkcee r=arcrw.l;edl count rates.)  

As Dhc fifteen minuke average changes were p9.otted it was discovered 

that during the perid i n  which tihe telmewj data was recorded by certain 

ground s ta t ions ,  the mm"criates, especially in 9.m count r a t e  eh 

F U ~ e r  investrigaeon showed %hat the use of lower 

gain r e e i v i n g  ~ana  result& i n  noise i n j s t i o n  in to  the telemetry 

sigma1 which c r e a t d  spwisw f rqenc i e s  i n  the PmI systm. It w w  thus 

n e c e s s q  to d w i s e  e l ~ h r a e  fil"cain%g routines t o  e the spurious 

intemals. mi.= w a s  ae:cmplish& by pssvidhg an ic bin-sort in which 

the mmt r ;'eet,r& in a series of discreet  rages in 25 s ~ o n d  

s q l e s .  The. - )ill -sort profiles were l%y narm G a a s i m  distaributions. 

During noisy ~ e i i d s ,  kzm~c?ver, c"igm~ app>cm& i n  bins far i n  =the wings of 

the Gawsim, A f t e r  exkaaation of the c h x a c t s  sf the noise i n  t h i s  m m e r ,  

c a t & n  routbes were devisd to ccsmect the c J ; r % t a  and recalculate the 

mrrw.kscsc%. averages* It has beem fswd a a e s s q  to wpass a l l  AT3 data f r m  

the elmtrm s p - m e t a  axceugh such a f i l b r h g  rmt ine .  Th i s  r e su l t s  

lete e l m n a t i o n  of the noise problm, It has k e n  achievd 

at mnsider&%e cost in t i m e ,  effort ad p r ~ d w g  

The % 5 - ~ " n  averqe CXYIXYI~ rates are also routinely corave&& to f l u e s  

to fon~ a first-tcx-der ~ p ~ a w i ~ ,  Tnese flux TB~PWS are then f i t t d  with both 



The::e bra s arc of the form 

cwc? 
-K j (E) --- C E l 

where E denotes energy of the electrons, Eo is the  exponential folclinq-energy 

(dnterminecl by the least-squares f i t ) ,  and Cs is a constant (also determined 

by the least-squares f i t ) .  Cl and K are constants determined by the least- 

squares p e r  law f i t .  In both instances j ( E )  is the di f ferent ia l  electron 

2 flux and has the uni ts  of elecrtrons/cm -sec-ster-keV. The energy E is i n  

uni ts  of keV. I te ra t ion  m y  o r  m y  not be used in d e t a i n i n g  the averagd 

f lux values over the thxee energy intervals sample6 by the experiment, and 

this w i l l  generally be indicated wllenever t h i s  data is presented. The resul t s  

of the routine data analysis procedures are l i s t ed  in tabular form. These 

resul t s  include the f i f t een  minute averages (and errors)  of the counts/sample 

numlxr for each of the three energy intervals ,  the  f i r s t  order estimates of 

the d i f fe ren t i a l  fluxes i n  the three energy r q e s ,  and the constants Cs, Eo, 

Cl, and k. 

1). Idon-routine Data Analysis 

PJon-routine data analysis procedures are by defini t ion those analysis 

procedures t h a t  a r e  not applicd t o  a l l  data  received. The s p c i a l  analysis 

procedures which were employed are described br ief ly  helow. 

(1) Pitch Angle Distributions: By ut i l iz ing  the data on the e p h m i s  

tapes ( m a ~ e t i c  f i e l d  d e l s )  , it is p s s i b l e  t o  generate a pitch 

ancjle diswfiut ion of the e%e&ons wing tb- resol i1 t ion  

data, (Correlation s f  our data w i t h  -that g a ~ e r d  by G o 1  

pi tch angle d i s e i b u ~ o n s  which were free %ran mcer&ainties imposed 

by ushg a mode1 of khe m~et i e :  field,) 



is  f r q e n t  enough such that m i d i c  59-uctuations in  &he electron 

sp*a?i c a  k de+&r~n&% for v i r t s s % l y  a l l  frqcglcies less th.m 

3-12 qcsrPes/sg, It s h s ~ a  be pointed out -that the bounce times of 

Em aaagy e l e W o n s  (58-150 keV) i n  the vic .h i ty  of the sste!.lite 

should be i n  "he f r e q e n q  range m n & l e  to analysis. (The 

%onqit.dinaS d r i f t  perid of elec*or& i n  this energy ranqe is 

2 e o m i d e r d l y  loxjer (on the order sf 10 minutes) and is  in the 

rmge of f r w e n c i e s  xess ib le  .B;o sp&al analysis procedures,) 

(3)  Correlation w i t h  &11mn Data : The U ~ ~ i v a s i W  of EIinnesoW was 

invo lvd  in a prqrm to launch bal lm~s t o  the top of "cl~e 

a$4.6ssptn11-e i n  the rcx~ion where the f ield Sines i n  dthe vicini ty of 

the  A S - 1  s p c m r a f t  enter the earths s atmosphere. The 

d 'he bablmn payloads mnsisM of high 

s p b i 3 k i b  ter) xXrq  detetors serrssitive tm x-rays i n  the range 

20-50 &eV and e 50 keV, a o s s  eone la t ion  of the balloon data 

i l h ~ n a t d  natwe of the e l e w o n  acceleration arad precipitation 

processes, Since the satelliw is relat ively stat50 w i t h  respect 

t o  the ' s  mpetic field Lines, it is p ~ s i k . 1 ~ .  to  obain Long 

perid (on %-be order of h o u s )  of data taken by hi21 balloon payloads 

ancl %he spc t  ter in "rke viciniw of the same f i e ld  lines.  

(4) ?la;.rbm The Resolution of m e  data f~-a low 

9. was p3.0tt~x-i w i t h  t k  resolution as a fm&ion of 

t im in rn effort "0 see rnicrobwsts af elg~ons &/or o ~ e r  

y)henmena t d c h  have a tim scale on the ordm of a fw ss14nds 

a few dnutes, (Fiwre (4) is an le of s w h  a plot,) 



Several p a p s  haw 1s discussing 

both the general t3ls and the dp &s measusred and analyzed through 

the course of this . In addition, fqlonthly and S_)uarterly D a t a  

Reports were s i l i n g  the pertinent d e t a i l s  of the  recovered 

data. Abstracts of the key papers are presented here t o  provide a brief 

overview of the  resul ts .  

A. Abstracts of Reported Fksults 

(1) Measuremmt and Intensi ty of mergetic Electrons at  the  Equator a t  6.6 Re 

T.W. Lezniak, R.L. AYnoldy, G.K. Parks, and J .R .  Winckler 

School of Physics and Astroncmy, University of Minnesota 

RADIO SCIEXCE, Vol. 3 (New Ser ies) ,  No. 7, July, 1368 p, 710 

This paper presents preliminary resu l t s  of measurements of 50 t o  
1000 keV e ons at  the  etic equator at 6.6 b. Quiet-day 
electron f exhibit a s i t y  at  local  midnight 
acaompanied by a softening o spectsum. During 
g m g n e t i c a l l y  disturbed times the 50 t o  150 keV electrons exhibit  
large fluctuations i n  intensity; we have denoted these fluctuations 
as  "spikes." These spikes are l q e s t  j u s t  a f t e r  local  midnight and 
decrease i n  intensi ty as  local  tin^ increases. They have a duration 
of a b u t  1 hr and tend t o  recur with about a 2-hr period. The 
electron spec- softens considerable during the  spikes. Generally 
the variations i n  intensi ty of the electrons correlates excellently 
w i t h  the K index. 

P 

(2) Correlated Effects of Energetic Eleckrons a t  the 6.6 Elpator and the 
Auroral Zone During blagnetospheric Subs tom 

G.K. Parks, R.L. Arnoldy, T.W. Lezniak, and J .R.  Winckler 

School of Physics and As~onacry, University of Minnesota 

]RADIO SC , Vol, 3 (New Series) No. 7, July, 1968 p. 715 

l3uring m w e t i m l l y  d i s t u r M  t h s ,  large intensi ty variations axe 
observed fo r  e lecwom of mesgies 50.- t o  150 keV a t  the gesstationary 
o r b i t  of the Am-I s a t e l l i ~ ,  Simdtane30wly, the co 
a t  t-he mpetic conjlr~jate r q i o n  of  the sa.l;ellite ha5 

emsseakalmg x-rays frm precipi-W ene 
m h i g h - a l t i t e  Mbmm ~ 1 e  m a ~ t i c  bays are rmzdod 

149e a n c l m i o n  reach& is -that the magne~sph 
is 1 ~ e s p o n s ~ E e  for the s h u  i n t e n s i f i d i o n  of the tr 
paYLicle pgpulation a t  6.6 o r i d  p and of p r s i p i  
energetic. e l eceons  a% the m ~ e t i e  conjugate -ion. 



Journal of i e c ~ h ~ - s i c a l  T:csea~-ch, Space Pi~yndes,  \roI, 73, PJo, 17, ,%~t, L I 1368 
pp, 5733-5742 

I4easumcnts a.xx"e nmde w i t h  a nnatejrietic deflection e % s W o n  spectxmetcr 
of clee-ons i n  &he range 50-150 kel? a t  the bud&m of the magnetosphere 

1 4 ,  4967, At this t h e ,  the nw.~etopme \\pas r e s s d  inside 
Ule orbit of ?he ATS-I gesstatimaq satel l i te ,  which was located a t  
6.6 Re i n  the s~&~-sol;aar rczqisn of the nagne-tospilere. The first crossing 
of the trapping I _ m m & ~  and mqetie field reversal was f o l l m d  by 

transient coar~t rate increases a d  s ~ p e t i c  field variations. 
g to  the rapid smg?lfw of electrons on the spiming satel l i te  it 

v9as possible to  c3lc ne the a z h u a d  diseibution assseiatd with 
electron m n ~ n b n t i s n  gradients a t  the vmism bMxies  and to  
determine khe dirwtion in space of the q a d i e n t s  and of the trappin7 
t m d q  surfaces ra one case t.rapping howadaqr was fomci t o  be 
approxh.te& per icuicxr to the eat1-1' s smfzce, En mother ease a 
Wmsieslt recyion fo~md that appeared to Ix n w h g  o v a  title spacecraft 
frm the sol= direc%iom, ale e n a ~ e t i c  electron t rap~ing b smdq  yvqms 
usually s e p x a t d  frm .tile rnaqnetie field reversal 1.y the order of four 
cyclotron radii, The el.ee.tjr.on f7.w dropped frm 1.4 x 10-1 t o  3 - 2  x lo2 
(elee -2 sec-1 star-1 1telTL) j.n two cyclotron radii a t  one of 
these i e s  , 

a1 of Cm~hysical Research, Space Physics, Vo&, 73, No. 17, Sept, 1, 1968 
p 5786-5791 

Comelation studies have I ~ c n  mde ~~~ energetri-c electrons i n  
three e n e q  ranges :. 50-150 150--56)Oc and 500-1000 keV measure3 at 
spdxonms orbit ad brms?x;xi.aPw~g x-rays measmd l3-y balloons near 
the n o r r ~ s n  magnetic conjugate region increases in hap@ electron 
fluxes x e  aperated in close cmrrcl_ation v~ i th .  mqetospherie srabs"eo%cms 

et ic  bays in 331e awofa% zone, These increases are 
ed by aaa x-ray increase mas'uyd by the klloons with 

~mipng the km hoar sdstom perid comelathg increase 
delayed w e n  for 5 to 16 second pks.clbsathg s~c"cswe;s, A dp&c 
Fomier Punalysis irdimtes a pr&&nm$ peak of the power ssp= at 
2 -5 ho'as. It is prq3osed that the s>&stor~r: ;ie%ceEaa.tion of these 
elecesns provides an injectio1a prcmss far the; outer r d i i l t i o n  belt, 



faysical Wscsxeh, Spa= Physics, VoE. 74, 140, 19,  Septa 9, 1969 
pp. 4687-4693 

S c b l  of Physics andl &*oncsny, ' U ~ v s s i w  of f~mesob  

Data f r m  an e%ecWon 
ATS-I and data frm an ele 
e l l i p t i c a l  o r b i t  satelli* 
drift s h e l l  sp l i t "cg  i n  It;h. 
proposed by R d e r m .  wet day p i t &  angle distributions obtained by 
AS-I a t  6.6 rt, w a l i t a f i v e l y  confirm the s h e l l  s p l i t t i n g  by s h d n q  
that near noon the p i t ch  angle dis*ibution is nearly i so t rop ic  whereas 
near midnight t h e  p i t ch  aslgle d i s e f i u t i a n  is peaked 11 angles 
(pa ra l l e l  tm t h e  f i e l d ) .  Using the Me& &el magnetic f i e l d  fo r  
calculatfng the d r i f t  s h e l l s  f o r  e l m e o n s  of p i t ch  angle a = 65O and 
a = 90°, as w e l l  as the m e ~ w e d  p i t ch  m g l e  dis.tribution and measured 
r a d i a l  gradient  for e l e m o n s  a t  lma1 n m ,  the  p i t ch  angle d i s t r ibu t ion  
can be calmlated as a b c t i o n  of lmal f o r  the ATS-1 orb i t .  The 

ca l s ru la td  and masmd % is sa t i s f ac t a ry  not only 
noosl to mrihight a tsy (25 to 1 f o r  500-1000 

e b m q  15, 1967) but  also i n  comect ly  p r d i c t i n g  the 
e d i s e ~ u t 9 o n  a s  a f w c t i o n  of local t h e  ( i s o e o p i c  a t  noon 

a 3 to  1 ratiobe*a a = 65' and a =  90' a t  
i n  one case (15 ql 1967) an as 

l mi.dnight with mmt rate a t  2 
r e p r c s m t h g  a d e w w e  f r m  the ~%11[~neWie MR& &el. 

(6) Intensi ty  C o n e h t i o n s  a d  Wsmm E l s e o n  D r i f t  E f f s t s  i n  the 
O u W  Miat ion  &It Measad d t S a  the III d m-I S a b l l i & s  

K, A. P f i t z w  a d  9. R, Win&ler 
ch, V o l ,  74, No. 29, Oc 1, 1969, Technical 

R e p *  e]R-136, Pg?ril, 1969 

School of Physics artd Wseoncrny, mivesrsiw of fimess.ta 

r 1966 d Jm 196"9e e l l i p t i m l l y  orb i t ing  
P I E  =-red .%he *sphse within 30' 

etic qa%gr .  This 

The e l ecwan  f l m e s  memu 

satellite A%-I at tkr 

s isan &solute 

delay& in time wit21 respct to 
er for  higher elw"rrrms ad l a g e r  

amfe, the masm& &lays 
11, 196"9&m the local t h  

%I6 are 26, 13-17 ad 5 
d e l q s  are mmis&nt w i t h  newly meaL4 e le+sms k L y  p r d u d  i n  a 
r q i s n  n e a  3. d PP"rese newly p d m d  efec-om then q a d i a t  
&if& p t  the b m  satel$$ The p r d ~ t i m  ~qig)gr his 8 

GOQ iaz  wid^ and &ut 4 e r&ii in dey~*, 



( 4 9 )  S h l t m a w  Ohena t ions  of 5- to 15- SeeoM P e r i d  W u l a t &  
]Energetic El&rm Fluxes a t  the S p c h o n o u s  Wlti tdc arad the 

&=oral. Zone 

School sf P h y s i a  4 B % Y . o n q ,  m i v a s i t y  of i t ~ m e s o b  

Journal of  Cmphysical Resexch, Spa= Physics, Vol, 74, Pa. 16, A u g u s t  E, 1969 
pp. 4803-4014 

Ttvo m p e t o s p h e r i c  s ~ s t m n  p e i e l e  events recorded simultaneously 
a t  the 6.6 Q i a l  plane and the con e region on ear th  i n  the 
aurora l  zone h n csnalyzd f o r  f s t  t a l  stmctures. The 

tes that $he 10- semd  ps i -pea r iod ic  M a a t i o n s  
by i n  precipi ta t ion events a l so  exist i n  e p p e d  energetic 
c o n f i n d  i n  the t o r i a l  plane. The Fourier spec t ra l  

analysis  shsws a s i p i f i s a n t  peak a t  7-8 second perids f o r  
trapped and precipitated on fluxes f o r  the event shows a 
multipeak frequency spec or  both regions, The t k  d 
cha rac t e r i s t i c s  of these mdula t ions  are a l s o  studied by dynamic spec t ra l  
analysis  method, The coherence m a l y s i s  of the t w o  sets of data shows 
t h a t  the modulations i n  $he q a t o r i a l  plane and the auroral  zone were 
generally uncorrelated, wit21 the exception s f  a 6--minu* duration a t  
the beginning of  the April 21, 1967, evmt, Finally,  the analysis  
reveals t h a t  although the d u l a t i o m  in precipi ta ted fluxes a t ta ined  
peak-to--valley f lux  r a t i o s  of &mu%. 2, the d u l a t i o n s  i n  the equator ia l  
plane w e r e  only a few per cent ,  
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B, Staies d mclwism B s d  an &suT& a-d "&d%8re~~a% qCntqret.9tim 

rize 

on &sWik,uasrm sf  "dhe merge t i c  e%e&on 

stsaiationa as a resdt of mgne t i c  s ~ m ,  The 

r e s u l t s  descr &Mn& with m g n e t i c  d e f l  

111 sa%elli&s in e l l i p t i c a l  orbits 

p e ~ a t i n g  both the i_nnw and out- zone r q i o n s  a s  w e l l  as the  A S - I  

g a s  tatio orbit sa t e l l iLe  i n  the OUW zone, Which is the subject of 

this report. Correlations w i t h  qound b e d  etic and a m o r a l  measurements 

as w e l l  as high a l t i t u d e  balloorzr; b v e  p h y  t p a r t  i n  t he  

in te rpre ta t ion  of these resu l t s .  The s a b l l i k  jlls ts are similar on 

nuissions d d e t a i l s  have given i n  several  p p r s  and 

teehnica1 repom (see abswact s e i m )  also: (Uzniak et a l e ,  1967, P f i t ze r ,  

1968, k z n i a k  and W i m k l a ,  1968, P f i t z e r  Winekler, 1970.) The energy 

t 50 keV to s a9 m V  d it is p s s i b l e  to study the 

var ia t ion  of Ule d i r e i o n a l  flrrx wi%h piteh ag le ,  w i t h  en and with p s i t i o n  

i n  the r q i o n s ,  % Ws on thr; III:, and ATS-I 

s aLe l l i t e s  hw n m  z e d  i n  o r b i t  a t  apl?rmia* times and 

p s i t i o n s  i n  & emphey.e and $o kt* 20% u s h g  *e laboratovy 

c a l w a t i o n  Qonstim-. 

sion" of maqeec stom a&ivi%y, is d i r s t l y  a s smia t& 

with the i n j x ~ o n a  of elecmazs in.&o ~e mtw zone, A sigrrificmt obs 

et a1,, (EX681 who obs dming the A p i l  18, 1968 

sen at 

iate L values (*5,0) first at the t t ime of a s a ~ m  n a  the 

m i m i n g  sf Ws gat 

 at -tihe p%m 

by & a s f u  (1968) plays a 



nlodulation, and disWibes"clion of energetic particles i.n the radiation belts, 

The suhstom wsmiaM vaiations observed during 2"foou~s at synchronom 

o r b i t  a e  w e l l  s by Figme 5, c d ~ ~ e i n  is p la t ted  a ~ p r o p r i a t e  pound has4 

auroral  zone mpetic records with % 1 ~ & i g h t  indicated for each, Rlso is 

sham the three c f the ATS spec* fxc and. the A75 t o t a l  mcpetic 

f i e l d  furnished by Col and ngs of U,C,E,A. The charac't-eristic 

fea ture  is the  l a rge  increase seen i n  the electron fluxes a t  l oca l  midnight 

o d t h  the l a rges t  increase k i n g  associated w i t h  the low energy channel. The 

bay association of these increases a t  o r  short ly  a f t e r  midnight is w e l l  s h m  

by the camparison w i t h  the College rncjnetcmplew, But  even a t  other loca l  times, 

one can p la in ly  see by c or Great Whale River records 

that f luctuat ions  i n  the electcon in t ens i ty  are correlated w i t h  the bay event. 

Likewise, the spacecraf t  ambient magnetic f i e l d  r e s p M s  to these substorms. 

This cor re la t ion  has ken  aSsr-eady discuss& by Col asld 

Ins igh t  i n t o  the na tme  of the o u t s  zone vwia t ions  has 

c lose  c q a r i s o n  of the e l w ~ o n s  fluxes measwed by E I I  %nd ATS-I. During 

the  spring of 1967, I11 entered the noon s ide  of the magnetosphere c lose 

t o  the equator ia l  plane and thus w a s  i n  ;la i dea l  p s i t i o n  t o  e with the 

A S - I  sa te l l i t l e  which revolved slowly ova the 24-how period a t  a constant 

radius  of 6.6 a . It has been possible using the Roederer d r i f t  s h e l l  prcxjrarn 

to  loca te  the electron d r i f t  s h e l l s  i n  the dis"r;srtsd nmpetosphae  and t o  s t d y  

the re la t ionship of the quiet llay and s"r-om time chm~es seen on "&he two 

s a t e l l i t e s  (Pf i tzer  e t  ax, ,  2.969, P f i t z e r  and Winckler, 1969) ,  

In F i v e  6 is sh a qliet day c 

veeicaP line near the center tat ion 

the two satellites should be on the same dr i f t  & ~ e E k ,  It i s  seen that at t h i s  

timc while tihe C s k $ q e  rnq~e-ram six~.nrs a quiet p 3 i d  the &solute fluxes of 

the two specWmetws  agrees rather well, Ry contrastr in F i w e  7 is sh 
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ac 

the A%-1 sa~ lP i . t c3  I s c a t d  at -ut 81400 1 w a l  tine h e a y  w~ a l so  obs 

Q the 11% sa*lli"%e on the w m  s ide  sf the e b s p h a e  but with an onset 

and q m m a l  envelope delayed frm -that sm by- A S - 1 ,  The delay i n  onset is 

less f o r  the high e n a g y  c f o r  tf lw energy, also  the rise of the 

electron increae is less 191 on the solar side then seen 

by ATS-I on the night s ide.  W e  m c l d e  this obs ation shows the presence 

of a d r i f t i n g  g row of e eastward in local t k  because 

of the gradient d r i f t  p m e s s  i n  the mcjnetosphere. These electrons m u s t  have 

k e n  injected near mih igh t  at  the  t h  of the bay distwbance. Since t h i s  

increase is mica1 of those s on the PiTS s a t e l l i t e  as it ns alnvnst 

s t a t i o  i n  the magnetic fieEd i n  the m&r zone, we conc lde  tha t  such a 

subst~rm inject ion on the night side, f o l l m d  by a &iftincj and thing 

ef fec t ,  can l a t e  the outer belt w i t h  elecmm, Othe r  l e s  of these 

correlations k w e e n  the two sa&ll i&s in Figure 8 i n  schematic form. 

One sees t h a t  the s a  Pni.dnight shows the ml les t  

slope and the  intensi"cy. A l s o  me notes -that i n  one case, the 

two s a t e l l i t e s  h t e r c h a n g d  agLd i n  this case the 1x1 sees the event 

rise k f o r e  the P3"S satebli*. A smle c q u e r  &el has applied to  

this s i t m t i o n  and conf ~ t ; a t i v e l y  the delay t h s ,  rise times and 

a a g y  de eies of aese s\abs&om i m w e s  so they m y  w i t h  confidence 

be i d a t i f i d  as injection P & b i g h t  fol1aJsa by gradient 

d r i f t  in the n d m l  mgneWsphre, 

S X l a  &den= has o b b h d  by m o l d y  GZlm (1969) who have 

e dehy k W e s %  & of ~e s%%e h y  distwhce seen 

a t  dc9saight w i a  the e lmeon  haease s e n  at 

They find the dehy  hcremes a ~ i f o d y  w i ~  the %md as s in 

F i w e  9 ( f i M g h t  is at 10 UT far ~e A S - I )  . mis w e l l a t  marrelation can 

of *u$ 90 keV in jes t& 

in- the mbr  mm n e a  fi&ight dwhg a mla slabswm, 
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i-ki f t  Sl2ell Displacmcnt anc9 1 %3q?eS_ospInae i~latrion ZXrr i ~ g  S~A~irclrms -- *-- 

The sa5stom associated chcmqes in the elceCk.on flux near midniqht and ~ ~ Y O I I @ ~  

morning consists of Large hject ion emts for the 50 keV electrons accompanitu! 

by increases i n  other chme ' l s  which may rmss&S_gr k d u l a t i o n  as  w e l l  a s  

injection of fresh par t ic les ,  But the M a v i o r  i n  the afternoon and evening 

sectors appears t o  ?ZE s y s t m t i c a l l y  d i f f s m t .  I n  fac t ,  an examination of 

various enerqy par t ic les  mci t h e i r  vaiaPli_ons daring s u b s m m  ccvl give 

apparent clues as to the rnode of m t i o n  of the magnetosphere during the 

substom p e r i d ,  For this se the most energetic electrons a re  useful 

because t h e i r  energy is afrEecW leas t  by the s ~ s t o m  aMc9 their d r i f t  period 

is very short xed t o  the s u b s b m  pcrid of about k.m horns, Figure 10 

shows a small substom i n  the evening sector o b s e m d  by the mgne 

Fort Churchill whish shms are a M s %  identical  m u l a t i o n  of a l l  of the enerqy 

channels of the ATS md as  well the t o t a l  mgnetic  f ie ld .  I n  f ac t ,  s 

the features of the bdy e lecwoje t  rent  a re  even r e p r d u d  i n  the electron 

variations. R notable exception i s  the presence i_rs the low energy channel of 

two th i n w a s e s  delayed after the two parts of the by, These are 

a h s t  certainly &if t in9  bunches of els-ons which were actually injected 

near local  m_idniqht, and have &ifW a o m d  amst 24 hours in local. time 

where they are o h s e n d  i n  "she evening sector, This bay distwbance evidently 

injected a double peak of low enerw e l s b o n s ,  Tbc correLation of the A S  

measured magnetic f ie ld  md the 500-1008 keV elec*on int-ity is s 

Ficjusre 11. To f i r s t  order the ~ t i c l e  and f i e ld  values lie on a mrre la t ion  

e duscing the suhstom variation s i n  t 3 ~  previous f i v e *  lrje take 

tixis to be eddence for a motion of the electron drift she l l s  over the s"&tio 

spcmraft due "it ori effective vnc)%z~tospheric: mot-ion, Tmiracy a su93smx~t1, t21is 

m t i o n  has the sense t h a t  WE rmqnetosphme  ads ir? the eventing sector with 

a w a k a i n g  sf the  mgnetie field and XI i ~ ~ w a r d  mtion of mwgetic particle 

d r i f t  shelPs, Investigation s h m  that. at ~ d ~ i g h t  the s e s e  sf t l~e motion 
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suddcnly r e v a s e s  and d w i w  a substom there is a collapse of the magnetosyhere 

with an increase i n  the mpetic f i e ld  a d  ;zn oum& m t i o n  s f  the d r i f t  she l l s ,  

The evidence fo r  this is preseratd i n  F i v e  12 ,  Here we show the correlation 

bch.reen the  high enerrjy electron c e l  and mapet ic  bay disturbances observed 

f o r  s ta t ions  near midnight but  w i t h  tJne s a t e l l i t e  either i n  the evening o r  i n  

the pstmidnight sector.  It is seen that  for hay disturbances when the s a t e l l i t e  

was i n  the  evening sector the trend of the  modulation is downward fo r  the 

e n e q e t i c  electrons, while f o r  bay disturbances when the s a t e l l i t e  was i n  the 

pstmidnight  sector,  the  sense of the rnsdulation is up~arcl. One can thus 

visual ize a type of f a u l t  l i n e  occurrinrg apprsximately a t  midnight as  shmm 

i n  Figure 13 with the contours of constant - B which would be followed by the 

electrons under idea l  conditions s displaced f r m ~  the i r  guilihrim 

;=sition as  they move during a substom. This d r i f t  she l l  notion is consistent 

with the  pilincj up of the l ines  of force in the  p s M & i g h t  sector simultaneously 

accorrq~anied by an sion of the magnetic f i e l d  i n  the evening. The si tuat ion 

referred t o  here would be t p i c a l  of a region near the equatorial plane and near 

synchronous orbi t .  

of substorm effec ts  on the tr par t ic les  are co~~plicatecl. 

hy the continually changing pitch angle v i  by the A S  ins  n t s  a s  the 

magnetic f i e l d  tilts and distortr; away f m  its quiet  day configuration. There 

are very large ef fec ts  on the pitch angle diswibution during s ~ s t o m  o r  even 

during quie t  days because of the d r i f t  she l l  s p l i t t i n g  phen which occurs i n  

the  dis torted magnetosphere, It. bas been possible t o  q a n t i e t i v e E y  evaluate 

the pi tch angle d i s e i b u ~ o n s  a t  d i f f w e n t  p i n e  ira the  mape%ssphere by 

c q a r i n q  the rad ia l  d i s w i b u ~ o n  wasued by III with $he pitch angle 

d i s e i b u t i o n  measmd a t  v a i w  local t k s  by ATS-I (Pfi tzer  et aE,, 1969). 

The quiet day le in P i w e  1 4  s h m  the t s i c a l  lxcge in-sity of par t ic les  

align& alorr jae  f ield o v a  the mit"lPlighaa: s e ~ i c s r a ,  By a n e a s t .  in Figure 15,  we 

see a s h i l x  r a g e  of pitch aaag1es m s u &  d t s k g  a of ear- sdswsrm 



a c t i v i q  on 8 $"dm-, 1969, The s.lsaP*-ing f e a t w e  s f  this f i w e  i s  that 

almucgh i n  "ehe evenrJsrg & immbg secbrs, the " t m d m q  for  42-i~: pitch mgle  

large safistonm increase the *ns3enq is carrg?llekly different  ad the pitch 

angle d i s t r i b u ~ o n s  b e G m  isotsrqic,  It is hlieved tha t  "Chis isct3Sopic 

i o r  is asnsis&nt with khe a l l a p s e  or  c q r e s s i o n  of the magnetosphere 

at that time may fran the d; is to~& m n d i t i m  s o  that  it resembles more 

closely a cirmlamsly s %ric dipole type configuzration i n  which d r i f t  she l l  

s p l i t t i n g  is ahsen$, Thus this o b s m a t i o n  is eonsisteslttn.%h the rapid 

ression d a i n g  a substom i n  the pst-Pnidnight r g i o n  of the m a q e ~ c  

f ield.  Figure 15 a l so  gives indirc3c.t evidmce for  the i n j e c t i m  of pa-t ic9.e~ 

near midnight a s  one sari see tha t  the she l l  s p l i t t i n g  gradually develops 

Beau5e of khe avai l&il i ty of the wcbr mcyne~c f i e ld  for  of the 

major mametic s t o m  seen by AS-I, it is m s s i b l e  to  c o n s m c t  a sani- 

quantitative picttaace of the mjdln_aqht accelea~m prmess. In Figure 16 is 

the s u h s t o m  on 8 F e b m q  w i ~  the to-l mpe2s_ic f i e ld  and a lso  the 

angle - 8 of incbhat ion  of the f i e l d  t o  the p1a.r axis, Typically during a 

substorm the etic f i e ld  h f l a t e s  & t i p s  e)hlmxd (63 > ll") i n  %he dusk 

o r  pre-ddnight 1-1 gu;~&mt, Elmever, tIhe f i e ld  e f i b i t s  a sudden 

a l  collapse s e n  by khe sateIlli"cr3 p rwidd  it is witshin a m a l l  loeal  

t i n e  sector wml1y loc;atd. w i a i n  a few horns of ~~~ ~ c h i g h t ,  'This 

collapse as  desaibed. previowby is a c a ~ v m i d  by a m q e t i c  bay d i s t m l ~ m c e  

a t  amoral  s tat ions axso fzear local fi&night and is kherefore a a n i v m ~ a l  time 

exough which the satclli* moves, 

Ikcau5e of the large values of - 43 obse-m& in the vicinity of the spacecraft 

i n  the e v m i w  

e t i c  tail before r e t m i n g  to the  ex^, 
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As the a l l a p e  mh n e x  ~ & g h t ,  ~ e e  field P h s  snap 

r q i d l y  (tJne m n w t i m  ve1miw is e s % h M  at 0,s 

betatron and P h m i m  (e F i w e  17). 'Phe gbservd snapping of the 

f ie ld  l ines is sufficiently rapid that  the convecuve velocity ent for 

up to 20 keV particles is er the sm of the gradient and cuwature 

d r i f t  ents and the  acaeleraaan m y  continue for sane before the 

part icles d r i f t  easterly out of the oonvstion region. (For 5 keV particles, 

the sum of thc l o n q i t ~ m l  d r i f t  ents is estimated a t  0.11 and 0.039 

Re/m.inute a t  1 2  and 7 Re respct ively ,  much less than the convective mmlx>nent 

0.5 Rfiinute.) Since the magnetic f ie ld  str on a collapsing l ine  m y  

change tenfold, and since the length of a f ie ld  line could decrease by a 

factor of three during the collapse, ao-rnaeion of the f i r s t  two adiabatic 

invariants predicts that ic les  oouM have thei r  energies increased ten- 

fold by this ss. 

me therefore v i m  the injection of e n q e ~ c  e ons into the outer 

Van Allen be l t  as  an a s soe i aM process. A s  the substorm 

develops there is an c o n v e i v e  sme and simultaneous heating of 

magnetotail p l  as  the pst -mi&~ight  f ie ld  lines colhpse isrwad. The 

collapse begins near the spchronous orbi t  and progresses outward Ward the 

tail as the subs- gr s region of ca$as c collapse is ( a t  least  

a t  synchronous orbit)  less 4 5 O  wide, and its w s  edge is usually 

located just  af* cles receive ~ i r  enelgy f 

the sna-ing i n  sf cPos& f ieM Bines---it is not nmssa ry  to 

pstulate  at f i eM %he icle ~ = " J Y  s 

ture d r i f t  =locity m t s  qadua4hly the c o n v e i v e  neat 

the p=xticles longitdinally & i f t  W m g k  tihe elw$-ric fieus eswlished 

Ity the gssss m;tor;t?bric mtims, W s  pr ameleraition and 
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clece l c r a t  ion, u"mf501s.s q l s l ~ i n ~  only "the &tatcon 

ele&on d i f f m m t i a P  erncrcq%p spbm a t  17 R in the nrape-towil reportml by e 

EGme et  al. , (1967) indicate -that *is w d ~ a i  sm can a~3cqlatcl-y account for 

the peak 50-150 keV electron flux observed a t  s y ~ ~ k o r ~ o u s  orbi t  d u i n ~  tIlc 

m i h j  qht  collapse, 

The d ~ s e m a t i o n s  and ideas on which are h ~ s d  tllis picture of electron 

accel.cra tion are ...re1 l s u p p r t d  ky ?rev io~z~  r h e n t a l  and theoretical 

k .  Ol~scnrations of increases i n  the outer zone energetic electron flux 

in  correlation wit31 n ~ p e t i c  bays have been observed by tlle Alouette s a t e l l i t e  

and reprtd by rrcDiaun&d (1969). Rao (1369) has also described similar 

increases of energetic electrons closely @orrelated with bays on the basis sf 

the polar orbi t ing Injun %V observations, Rao notes tha t  the outer zone flux 

increases without a cIla1ge i n  the trapping lat i tude as the bay develops 

irotion of the tsapp-in9 b d a r y  a s  a bay subsides, 

The Filouette evx~lerace is concerned w i t h  very large s t o m  and shows tha t  

the source may exter d well in to  the morning r q i o n ,  Gradient drift effec ts ,  

l~acrever, m y  bC3 prebmt i n  the AZowtte data which muld  l w a l i z e  the source 

mre near the fi&gmt meridian, A comection between e9.eetrm islands seen 

i n  the 's mcqazetic tail ad s u h s t o m  has 

and Wallington (19681, who conclude that the subsmm effect on merqet ic  

s inqide the m'gnetosphwe on closed f i e ld  l ines and the 

energetic parrtieles *en p rqaga te  o u w d s  in to  "che tail r q i o a ,  

One notes that the sbs ions a t  spckroms orb i t  are i n  general 

t w i t h  these data. hut, i n  a d i t i o n ,  k c a w e  of the slm m t i o n  of 

refwence f r e t  time vwliations 

sector and the ev&ng secmr i n  the prduct ion  s f  meuqetic e l z k o m  is 

payticularly well shmW'pf en title A S  data, Also the successive ms8;ornn increases 

srbi t which.  be a t e i b u t d  to a smce  near midnight 



m a r e t i c a l  descriptions p a i m l a a r l y  app%ic%ble to substoms have been 

cjiven hy Wford (1969) and Atkimon (13661, Axford suc~qes"r;s a l so  the 

of the betatron a d  praeesses i n  csllapsiaag f i e l d  l ines  on the nirjht side, 

following earlier ideas of ey (19Gl), Our conclusions are not i n  disagrecmcnt 

with mst of these ideas but again the obsen~ations a t  spchronous o r b i t  s h m ~  

that the nightside magnetic f i e l d  collapse cccurs near local  midnight i n  a 

small loca l  region. It s p s s i b l e  t h a t  viscous f r i c t ion  discussed hy many 

writers and suggested hy Atkinson a s  a mans  of inf la t ion  of the f i e ld  i n  the 

evening sector coupled w i t h  the co-.rotation of the region up t o  a t  l eas t  8 

earth r a d i i  on the  night side might set up the conditions f o r  a substorm 

collapse of the f i e ld .  It. does not seem necessary t o  invoke magnetic l ine  

annihilation per se to  energize the par t ic les  o r  even t o  induce the ins tab i l i ty  

r e s p n s i b l e  for  the substom. Hmver ,  obs ions fm on limited region of 

space such a s  tha t  c m a d  by the AT3 o r b i t  may t M l y  give an incomplete 

and scmewhat biased point of v i m ,  One is impressed, however, by the fac t  

t h a t  on quie t  days the ao--robting magnetosphere on the  niqht s ide is scinehw 

able t o  i n f l a t e  mmth1y m3 r w q r e s s  through mornin9 without s u b s t o m  cmd 

r.~ithout gross i n s t a J ~ i l i t i e s .  rxlriw the pxid when substorms are occursinc~ 

the r e ~ r e s s i o n  a s  one rotates  w i t h  the earth seems t o  take place u n s t d ~ l y  

and the extended f i e l d  lines m11 imard the midnight 

cer ta in  instant  l&lcd by the start of a bay disturbance. The co--rotational 

energy thus s Lo play an e s s e n ~ a l  role in driving the substom process, 

coupled w i t h  the viscow a w s i o n  of the tidl f i e l d  l ines  i n  a still closed 

region of the mpetosphere*  

V* 

No new d e c b l w  items were 

the ins  n t  for -Chis hat, P w i d i e :  r e ~ e w  were held with the desiqn 

~ s m i a t d  w i t h  this contract,  
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